2+ homeostasis is implicated in age-related cognitive impairment and Alzheimer's disease (AD release from intracellular Ca 2+ stores via inositol triphosphate receptor (Ins[1,4,5]P 3 R) and ryanodine receptor (RyR) channels in the endoplasmic reticulum (ER). Intracellular Ca 2+ release via Ins(1,4,5)P 3 R is triggered by second-messenger Ins(1,4,5)P 3 , which is produced following activation of metabotropic receptors coupled to phospholipase C. Neuronal RyRs function primarily as Ca 2+
Perturbed neuronal Ca
2+ homeostasis is implicated in age-related cognitive impairment and Alzheimer's disease (AD). With advancing age, neurons encounter increased oxidative stress and impaired energy metabolism, which compromise the function of proteins that control membrane excitability and subcellular Ca 2+ dynamics. Toxic forms of amyloid b-peptide (Ab) can induce Ca 2+ influx into neurons by inducing membraneassociated oxidative stress or by forming an oligomeric pore in the membrane, thereby rendering neurons vulnerable to excitotoxicity and apoptosis. AD-causing mutations in the b-amyloid precursor protein and presenilins can compromise these normal proteins in the plasma membrane and endoplasmic reticulum, respectively. The major risk factor for Alzheimer's disease (AD) is advancing age; in the most common sporadic form of AD, individuals first manifest symptoms when they are in their seventh or eighth decade of life. But even those who inherit a disease-causing mutation in the b-amyloid precursor protein (APP) or one of the presenilins (PS1 and PS2) remain asymptomatic into their fourth or fifth decade [3] . Age-related alterations in specific Ca 2+ -regulating systems in brain cells have been reported, including elevated intracellular Ca 2+ levels; enhanced Ca 2+ influx through voltage-dependent Ca 2+ channels; impaired ability of mitochondria to buffer or cycle Ca 2+ ; and perturbed Ca 2+ regulation in ryanodine and Ins(1,4,5)P 3 -sensitive Ca 2+ stores. Gene array and proteomic analyses suggest dysregulation of the expression of an array of Ca 2+ -handling systems during aging [4] [5] [6] [7] . Many of the alterations in Ca 2+ handling described in normal aging can be reproduced by subjecting neurons to oxidative and metabolic stress in culture or in vivo, suggesting important contributions of these fundamental aging processes to the dysregulation of neuronal Ca 2+ regulation in AD described below. Moreover, studies of brain tissue samples obtained from brains of AD patients and animal models of AD have revealed significant alterations in levels of proteins and genes directly involved in neuronal Ca 2+ signaling [8] [9] [10] . Many of the latest advances in understanding the roles of perturbed cellular Ca 2+ handling in AD pathogenesis are described in the remainder of this article.
Amyloid b-peptide promotes Ca 2+ influx and Ca 2+ -mediated excitotoxicity Amyloid plaques, a histological hallmark of AD, are composed of extracellular aggregates of the amyloid b-peptide (Ab), a 40-42 amino acid peptide generated by successive enzymatic cleavages of APP by b-and g-secretases (Figure 1) . Ab is believed to be a pivotal mediator of neuronal degeneration and impaired cognitive function in AD [3, 11] 
